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RECORDING HEAD FIELD  MEASUREMENT  WITH A MAGNETORESISTIVE  TRANSDUCER 
J.H.J. Fluitman* 
ABSTRACT 
This  paper  describes  the  measurement  of  recording 
head  fields  with  the  help  of  a  magnetoresistive  trans- 
ducer.  Attention  is  payed  to  the  computer  program  to 
simulate  the  transducer behaviourininhomogeneous fields 
(with  emphasis  on  the  accuracy)  and totheexperimental 
procedure  to  overcome  the  difficulties  of  positioning 
the  transducer  in  the  head  gap  region  accurately. 
gaplength  3.3pm  and 7ym are  analysed  and  show  a  reason- 
able  agreement  with  the  theoretical  predictions. 
Results  of  measurements  on  two  audio  heads  with 
INTRODUCTION 
In treatments ofthe magnetic  recording  write  and 
readprocessassumptionsaremostly needed  about  the  form 
and  magnitude  of  the  head  fields.  Head  field  calcula- 
tions  are  known  since  long  and  can  be  carried  out  in 
considerable  detail  (including  pole-tip  saturation  ef- 
fects,  side  fringing  fields  and so on). In the  calcula- 
tions  assumptions  are  made, in turn,  about  the  geomet- 
rical  and  material  structure  of  the  head  in  the  vicin- 
ity  of  the  gap. In spite  of  the  plausibility  of  those 
assumptions  one  must  admit  that  they  are  based  on  a 
"macroscopic"  view  and  that  one  can  not  be  sure  of  the 
results  for  heads,  with  gap  length  of  the  order of
micrometers,  until  they  are  affirmed  experimentally. 
And  the  fact  is  that  the  scarcely  published  direct 
experimental  evidence  is  not  very  convincingly  pointing 
into  that  direction'. 
F i g .  I: Magnetoresistive transducer, situated a t  the 
edge of a g l a s s  substratum. DetaiZs concerning 
geometry and method of production are i n  r e f .  3. 
We have  therefore  tried  to  obcain  additional  informa- 
tion  about  the  experimental  head  fields  and  have  em- 
ployed  the  magnetoresistive  transducer,  proposed  by 
Hunt2,  for  this  purpose.  Such  transducers  can  be  pro- 
duced3  to  have  a  small  width (w, see  fig. l ) ,  of  the 
same  order  as  the  gaplength  2g  of  the  heads  to  be  meas- 
ured.  But  then  it  is  still  a  problem  that  theresolving 
power  of  the  transducer  is  relatively  low.  This  can  be 
compensated  fox  by  gathering  a  large  number  of  data  by 
shifting  the  position  of  the  transducer  over  distances 
much  smaller  than W. And  this,  in  turn,  attracts  the 
attention  to  a  second  problem:  the  accurate  positioning 
of  the  transducer  with  respect  to  the  head  gap  region, 
These  problems  are  discussed in the  next  sections  with, 
in  the  end,  a  report  of  measurements  on  ferrite  heads 
with  gaplengths  of  3.3vm  and  7pm  respectively. 
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COMPUTER  SIMULATION 
To  make  possible  an  interpretation  of  results  ob- 
tained withadetector that maybe large  compared  to  the 
head  field gradients,onemustbe ableat least  to  deduce 
the  detector  output  from  a  field  contour  that  is  known. 
The  relation  which  must  be  obeyed  by  an  applied  (in- 
homogeneous)  magnetic  field  Ha(x)  directed  along  the  x- 
axis  (see  fig. 1 )  and  the  x-component  of  magnetization 
Mx(x) resulting  from  that  field  reads: 
The  second  term  on  the  right  hand  side  is  the  demagnet- 
izing  field in the  transducer,  generated  by  the  mag- 
netic  charge  density  dM/dxo  (including  possible  edge 
charges  at  x = f w/2).  H(x)  is  the  local  field  pointing 
in  the  x-direction  and M,(H(x,) is  the  consecutive 
relation  which  is  locally  valid  between  the  field  and 
the  resulting  magnetization.  This  relation  is  derived 
from  the  well  known  single  domain  model  applicable  for 
the  material  (NigoFepo)  and  geometry.  Discretization  of 
( 1 )  is  obtained  by  a  division  of  the  transducer  in  sub- 
strips (34 in+our p e l ,  so that we arrive  at  a  vector 
equation  H = Ha + .M(H)  or: 
+ +  * + 3  
G(H) E A.M(H) + ta - H = 0 + +  
These  are  vectors  in  the  31  dimensional  space  defined  by 
the  number  of  substrips.  Each  component  gives  the 
magnitude  of  the  f'eld  or  the  magnetization  in  the  rel- 
evant  substrip. &t is  solved  by  employing  the  Newton- 
Raphson  approximation  leading  to  the  iteration: 
3 + 
where &(k) is  the  Jacobian  of G with  elements  aGi/aHj 
and  the  superscript k the  number of the  iteration  step. 
The  details  of  the  procedure  are  analogous  to  those  of 
the  computation  of  fluxreversals  in  a  recording  medium 
and  are  described  elsewhere4. 
derermined  by  comparing  results  of  computations  in  some 
cases  where  an  analytical  solution  is  also  present 
(homogenous  and  exponential  fields).  In  figure 2 the 
dashed  curve  is  the  analytical  solution  and  the  crosses 
The  accuracy  of  the  computer  simulation  has  been 
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F i g .  2: Normalized transducer resistance as a funetion 
of normaZized appZied fieZd (homogeneous). 
ExperimentaZ curve (drawzl i s  compared with 
resuZt of computer simulation (x) and analyticaZ 
resul ts  (- -1. Errorbars, positioned with re- 
spect to the abscissa, indicate estimated errors. 
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represent  computed  results  (homogeneous  fields  with 
Hk << tPl,/w, Hk is  the  constant  of  uniaxial  anisotropy 
of  the  material). 
Besides  the  error  as a consequence  of  the  approxi- 
mations  in  solving  eq. (1) there  is  some  disagreement 
between  theory  and  experiment.  The  drawn  curve infig. 2 
is  the  response  to  homogeneous  fields  of  the  transducer 
used  in  the  experiment  described  in  the  next  sections. 
This  deviation  from  theory  is  characteristic  for  all 
other  transducers  we  have  measured.  The  total  error  is 
given  by  the  errorbars  in  fig. 2. In the  measurements 
of  the  head  fields  we  have  avoided  saturation  of  the 
transducer so we  expect  that  head  fields,  derived  from 
measurement,  are  correct  within,  say, 5%. 
test  in  the  inhomogeneous  field  of a large  gapped 
(180pm)  erase  head. 
For  greater  security  we  have  also  carried  out a
- x h m )  
F i g .  3.: Test  of computer s i m u l a t i o n  ( c i r c l e s )  i n  i n -  
homogeneous f ieZds of 180m gapped head (two 
urive currents) .  Drawn are outputs of 5 5 0 ~  
wide transducer. 
With a  3,lpm  wide  transducer  the  head  field  component 
parallel  to  the  head  surface  was  measured  at a level  of 
50pm.  Since  the  width  of  this  transducer  is  small  com- 
pared  to  the  length  of  the  head  gap  in  this  case,  it  is 
allowed  to  derive  the  magnitude  of  the  magnetic  field 
directly  from  the  calibration  curve  of  fig. 2. This 
field  was  used  then  to  compute  the  response  of a 550pm 
wide  transducer  and  these  results  were  compared  with 
results  which  were  actually  measured  with a 550pm  wide 
transducer.  Figure 3 demonstrates  the  close  agreement 
between  the computedandthe measured  transduceroutputs. 
EXPERIMENTAL  PROCEDURE 
The  experimental  problem  is  to  position  the  trans- 
ducer  in  the  head  gap  region  accurately.  The  transducer 
substratum  is  mounted  on  the  moving  part  of a Talytron 
S90 (an  air-bearing  traversing  table  designed  to  carry 
out  straightness  checks),  and a very  well  defined  move- 
ment  of  the  transducer  underneath  the  head  can  be  gen- 
erated  (see  fig. 4 ) .  The  recording  head  is  sucked  onto 
a reference  plane, sothat thehead is  fixed  properly  but 
can  easily  be  slipped  up  and  down.  At  the  start  of  an 
experiment  the  transducer-substratum  is  forced  into 
contact  with  the  head  by  lifting  the  substratum  (mech- 
anically)  until  one  can  see  the  head  move  upwards.  Then 
the  apparatus  is  left  in  this  position  for  some  time  to 
restore  thermal  equilibrium  (which  may  be  disturbed). 
After  that,  one  cannot  be  sure  that  the  contact  between 
head  and  substratum  still  exists.  Thereforethesubstra- 
tun is  lifted  again,  but  now  remotely  controlled  by 
increasing  the  air-pressure  of  the  table  bearing. It is 
a happy  coincidence  that  the  level of the  table  can  be 
controlled  very  accurately  in  this  way  over a range  of 
several  micrometers. So the  contact  between  head  and 
transducer  is  warranted  and  immediately  after  that,  the 
table  is  lowered  again  over a preciselyknowndistance. 
Then  the  horizontal  table  motion  is  started  and a head- 
field-contour  is  measured  and  displayed  on  an X-Y 
recorder.  Measurements  are  repeated  then  after  varying 
the  head/substratum  separation  y.  The  reproducibility 
with  respect  to y, established  in  this way,isverygood 
i.e.  if a headlsubstratum  separation  is  repeated  after 
some  other  measurements  the  results  reproduce  within 
experimental  error. 
F i g .  4: Scheme of experiment. 
The  crucial  point,  however,  is  that  one  does  not  know 
the  "zero-separation"  i.e.  the  separation  between  head 
and  substratum  at  the  start  when  it  is  believed  that 
there  is  contact. In the  experiments  described herethe 
"zero-separation"  did  not  reproduce  but  this  can  be 
overcome  by  repeating  complete  experiments,  including 
the  contact  adjustment. In the  next  section  it is 
described  how  the  unknown  "zero-separation'' is elimin- 
ated  in  the  interpretation f the  results. It is  our 
experience  that  the  error  in  the  "zero"  of  an  isolated 
experiment  may  be  several  micrometers. 
It  is  clear  that  the  procedure  described  here 
confines  the  experiments  to  the  measurement  of  the  head 
field  component  parallel  to  the  head  surface. 
RESULTS AND CONCLUSIONS 
Figure 5 shows  characteristic  results  of  measure- 
ment  on  two  audio  heads  (with  gaplength  7pm  and 3.3pm
respectively)  taken  with  the  transducer  of  figure 2. 
Fig. 6:  Output of transducer located in f ront  o f  gap 
taken in  three separate  measurements (.,O,+) 
Drawn Curves are calculated with H as a para- 
meter. 
A.  Head gap 7pm B. Head gap 3 . 3 ~  
The  detector  output  curves  can  be  analysed  by  studying 
0 
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F i g .  5 :  Transducer output c m e s  f i t t e d  t o  c a l c u l a t e d  r e s u l t s .  B and E are experimental results for the 7um and 
the  3 .am head gap respec t ive ly .  A and C are fits t o  B wi th  Ho = 9.600A/m and 10.400A/m respec t ive ly  
D i s  f i t  to E a t  H o  = 14.000A/m 
its  value  P  at  the  centre  of  the  curves, sincepdepends 
strongly  on  the  headltransducer  separation  y.  This  is 
shown  in  figure 6 where  results  are  given  for  three 
separate  and  independent  measurements.  The  "zero  sep- 
aration"  is  unknown  and  probably  different  for  each  of 
these  measurements, so the  results  are  shifted  along 
the  y-axis  until  they  overlap  and  the  fact  that  this  is 
possible  shows  that  the  reproducibility  with  respect  to 
increments  of  y  is  good  indeed. It is  seen  that  the  P 
values  remain  constant  at  the  left  hand  side  of  the 
curves  where  the  headltransducer  separation  obviously 
did  not  change  any  more  on  increasing  the  pressure of 
the  table  and  lifting  the  transducer. 
The drawn  curves  in  figure 6 are  computed  with 
the  simulation  program.  The  deep  gap  field  Ho  is  a 
parameter  which  is  unknown  in  the  experiment so we  have 
computed P(y) for  several  values of Ho.  These  computa- 
tions  are  based  on  the  theoretical  head  field  expres- 
sions  known  for  an  ideal  head, i.e. a  head  with  very 
well  defined  magnetic  mirror  planes5.  In  the  computations, 
we  have  taken  account  of  the  effect  of  the  mirror 
charges  which  are  generated in the  head  by  the  magne- 
tized  transducer.  Omission  of  this  effect  may  lead  to 
wrong r sults (1.0%  in  the  case we have  checked). So the 
matrix % in  formula (2) has  not  been  derived  from  the 
simple  expression (l), but  has  been  computed  including 
the  effect  of  the  mirror  planes.  It  is  seen  from  figure 
6 that  a  good  fit  of  experimental  to  computed  results 
is possible when Ho is  chosen  properly.  From  this  fit 
the  headltransducer  separation  is  derived  for  all 
experimental  points  and  then  the  full  head  field  curves 
are  computed  in  order  to  be  able  to  compare  the  overall 
characteristics. 
the  experimental  and  the  computed  results  proved  to 
be  rather  sensitive  on  the  exact  choice  of  Ho.  However, 
Ho can  only be determined  within  certain  limits, so we 
have  computed  head  field  curves  for  two  values  of  Ho 
(which  may be seen  as  limiting  cases).  The  overall 
agreement  favours  the  choice  of  Ho = 10.400A/m.  Unfor- 
tunately  this  analysis  cannot  be  applied  to  the 
results  of  the  3.3um  gap  field  because  the  typical 
peakstructures  at  the  gap  edges  are  completely  smoothed 
out  by  the  width  of  the  detector  in  all  cases. 
some  deviations  between  theory  and  experiment.  Thanks 
to  the  steepness  of  the  flanks in the  head fieldcurves, 
the  width,  defined  by  the  coordinates  where  the  trans- 
ducer  output  is  dP,  for  example,  can  be  determined 
In the  case  of  the  7pm  gap  the  agreement  between 
A close  look  at  the  width of the  curves  reveals 
rather  accurately  and  seems  to  exceed  the  theoretically 
derived  values  systematically  by  an  amount  of  about 
0.4pm.  The  influence  of  such  a  deviation  is  of  import- 
ance  of  course  in  cases  where  the  gaplength  is  in  the 
rder  of  lpm,  However,  0.4ym  is  close to our  experimen- 
tal  error s o  that  a  detailed  analysis of this  deviation 
 not  justified  at  this  moment.  More  accurate  results 
are  needed  for  this  purpose  and  this  is  the  next  step 
in  our  research  program. 
The  drive  currents  used  are  small  not  only  to 
prevent  transducer  saturation  but  also  to  prevent  pole 
tip  saturation. On the  basis  of  theoretical  predictions 
taken  from  literature  we  do  not  expect  such  an  effect 
and  this  has  been  confirmed  by  measurements  of  head 
field  curves  taken  with  other  drive  current  values.  No 
influence  on  the  width  has  been  detected. 
Our  conclusion  is  that  apart  from  a  probable 
deviation  in  the  width  of  the  head  field  curves  the 
overall  agreement  between  theory  and  experiment  is  not 
as  large as  expected  from  indications  published  in  the 
literature]. 
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